Determination of focal mechanism solution permits characterization of the earthquake source most effectively with the estimation of fault geometry. Fault geometry is described in terms of the orientation of the fault plane and the direction of slip along the plane. However, the body wave, surface wave and the parameters such as equivalent forces at the source and seismic impulse response etc. are used to determine the orientation of fault plane and the direction of the movement associated with the earthquake. Since the majority of earthquake source processes are either complicated or cannot be observed directly, it has been necessary to find ways to determine source characteristics from seismic wave motion. The source mechanisms through P-wave first-motion data are determined by acquiring data from local seismic network supplemented by phases from the stations at teleseismic distances. Focal mechanism solutions for the events M>4.0 are well constrained. Although the uniform distribution of azimuth of a large number of stations is one of the important prerequisites for a reliable focal mechanism solution, this is not the case for the events (M<4.0) originated in NER. This situation worsens in the case of events M<3.0. Determinations of focal mechanisms for these events tend to near impossible with first motion P-wave arrival because very less number of stations record these events.
INTRODUCTION
Focal mechanism solution using P-wave first-motion data is one of the simplest methods to determine fault geometry. The basic idea of this method is that, the polarity (direction) of the first P-wave arrival varies between seismic stations at different directions from an earthquake (Ligorria and Ammonm, 1999) . The first motion is either compression, for the stations located such that material near the fault moves towards the station or dilatation, where the motion is away from the station. Thus, when a P-wave arrives at a seismometer from Earth's interior, a vertical component seismogram records an upward or downward first motion corresponding to either compression or dilatation (Curtis et al., 2009) .
The P-wave first-motion data and the azimuth of the recording stations are collected from different stations which forms the prime input to the determination of focal mechanism solution. The focal mechanism solutions of 67 numbers of events form the database for the present study. Most of these solutions are obtained from GCMT (Global Centroid Moment Tensor) database. Few solutions are determined for the present purpose by incorporating more than 45 stations data from ISC Bulletin, RRL-Jorhat and NGRI-Hyderabad seismological bulletin as well.
MATERIALS AND METHODS
Determination of focal mechanism solution using Pwave first-motion data requires maximum number of seismograms recorded by different stations. As lower magnitude event is recorded by a very few stations, higher magnitude event (M > 4.0) is generally preferred for this method. The events having magnitude M > 4.0 are recorded by more than 45 numbers of seismic stations including the stations at teleseismic distances. The P and S phases are re-read from the available analogue seismograms obtained from the local seismic stations. These events are relocated based on crustal velocity model of Bhattacharya et al. (2005) , using data for relatively larger number of seismic stations with reasonable degree of azimuthally coverage. In this study, a few focal mechanism solutions are determined (as listed in Table  1 ) utilizing P-wave 1 st motion polarities. These are made on the basis of high precision location determination, clear record of P-wave first-motion polarity, high signal to noise ratio and recorded by maximum number of seismic stations.
Primarily, P-wave polarity, azimuth from the source, incident angle with respect to focal depth and epicentral distance in degrees etc. are the input for determination of focal mechanism solution. The P-wave first-motion data are obtained from local stations as well as stations at teleseismic distances. ISC Bulletin provides P-wave first-motion data from stations at teleseismic distances.
The fault geometry is found from distribution of first motion data on a conceptual homogeneous sphere around the focus called focal sphere. In general Wolff's net ( Figure 1a ) is used to project the geographical position of an observation station to a point where the tangent to the ray at the source intersects the focal sphere. The P-wave ray path leaving the source can be identified by two parameters: the azimuth from the source (f s ) and the ray parameter or take off angle, i h (Lay et al., 1995) . The azimuth of the direction of the ray from the source and the takeoff angle prescribes a unique path through the earth to a point on the surface and the corresponding portion of the outgoing wave front is designed to reach that point, conveying the initial motion in the associated region of the outgoing wave. Depending on the distribution of P-wave first motions, the zone of compression and dilatations are identified.
Focal mechanisms were determined using the steps as follows: 1. P-wave first-motion data are obtained from the seismograms of each recording station. 2. Azimuth (fs) and the epicentral distance (Δ) are calculated for known earthquake and recording stations. 3. The take-off angle, i h is obtained from the table prepared by Hodgson (1953) and, Pho and Behe (1972) . 4. Using fs and i h the ray position is projected to each station on a lower hemisphere stereographic projection using Wulff's Net. Different symbols are used to indicate the P-wave first motion. Open circles are used to indicate dilatation and filled circles for compression. 5. The first motion data are rotated on the stereo net to find a meridian line that separates compression from dilations. This plane is drawn along with the pole to the plane, which projects at 90° from the plane. 6. The data plot is rotated to find a second meridian that separates dilatations and compressions and passes through the pole of the first plane.
7. Out of these two nodal planes the fault plane is ascertained based on the local geology inherited in the region. 8. The strike and dip of the fault planes are determined as illustrated in Figure 1b . Rake is calculated from the poles. 9. Pressure (P) and tension (T) axis is determined. The maximum compressive strain P is a pole lying on the plane containing the pole of the two fault planes. It lies in the dilatational quadrants 45° from the two nodal planes. The minimum compressive stress axis, T lies in the compressional quadrant 45° from the two planes. 10. The intermediate compressive stress axis, also called B axis or null axis, is determined along the line of intersection of the two nodal planes.
RESULTS
The focal mechanism solutions of 67 numbers of events form the database for the present study ( Figure  2 ). Most of these solutions are obtained from GCMT (Global Centroid Moment Tensor) database. Few solutions are determined for the present purpose by incorporating more than 45 stations data from ISC Bulletin, RRLJorhat and NGRI-Hyderabad seismological bulletin as well.Distribution of dataset for the events depicting the percentage of faulting type is shown in Table 2 . It is observed that the region is dominated by existence of higher percentage of strike-slip faulting. Table 1 indicates the events that comprises of focal mechanism solutions determined through first motion P-wave polarities and CMT (Centroid Moment Tensor) solution. Four solutions (black and white) are obtained through waveform inversion (Figure 2 ). Fault plane solutions for the events associated with the region are shown separately in Figure 3 . A depth section of the beachball representing Figure 3a is shown in Figure 3b . Figure 3c , d, e, f indicate the associated nodal plane, P-axis orientation, T-axis orientation and both P-and T-axis orientation along the eastern part of the Surma valley. Most of the nodal planes are oriented along North-South while P-axis orientation is found to be along north of north-east.
The beachball presentation in Figure 3b for regions in the eastern part appears quite significant when a depth level of 41-60 km is considered. The events occurring within this depth range are characterized by the regime of dip-slip and thrust type of focal mechanisms. Figure 3c shows nodal planes of the focal mechanism solutions of the events associated with the study regions. Most of the solutions are characterized by thrust and strike slip fault.
It may be noted that in later figures as mentioned, the definition of the azimuth as would be seen in a map view is retained while the center of each line corresponds to the position in depth, of the solutions. An important observation is that P-axis orientations are pre-
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Figure 2: Beachball representation of the focal mechanism solutions in the Surma valley and its vicinity. The black colored beachball represent the focal mechanism solutions through waveform inversion whereas red coloured beachball represent the focal mechanism solution obtained from P-wave first motion. 
dominantly north north-easterly directed. The direction of the compressional axis long the respective fault indicate the prevailing stress condition of the region. As thrust and strike-slip mechanisms dominate, these two state of mechanisms reflect N-S compression rather than E-W extension.
DISCUSSION
The source mechanisms through P-wave first-motion data are determined by acquiring data from local seismic network supplemented by phases from the stations at teleseismic distances. Focal mechanism solutions for the events M>4.0 are well constrained because of availability of required number of P-wave first motions. The uniform distribution of azimuth of a large number of stations is one of the important prerequisites for a reliable focal mechanism solution. However, this is not the case for the events (M<4.0) originated in NER. In case of these events estimated focal mechanism solutions are not well constrained due to sparse distribution of recording stations. This situation worsens in the case of events M<3.0. Determinations of focal mechanisms for these events tend to near impossible with first motion P-wave arrival because very less number of stations record these events. However, basic limitation in the study of focal mechanism through P-wave first-motion method for shallow focus earthquake arises by virtue of the very limited coverage of focal sphere by the observation data. The coverage improves with the increase in depth of focus. These constraints are observed by various researchers (Khattri, 1973; Chandra, 1978) . The focal mechanism solution using P-wave first-motion data use only a fraction of information contained in body waves. On the contrary the estimation of seismic moment and moment magnitudes are not possible.
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